This study was conducted to determine the effects on performance, egg quality parameters and some serum profiles of vitamin E, thyme and rosemary extracts that were added to laying hen feeds. One hundred twelve 48-week-old Bovans-genotype white laying hens were used in the research. In the study, hens were randomly divided into four groups, each comprising of four replicates of seven hens. The first group was fed with the basal diet as a control. The other three groups were fed diets with 200 mg/kg vitamin E, with 1000 mg/kg thyme, and with 1000 mg/kg rosemary for eight weeks. As a result, vitamin E increased egg production statistically compared with feeds with plant extracts. Thyme-supplemented feed increased egg weight significantly. However, it reduced egg production. Rosemary supplementation generated profit by reducing the feed intake, but had a negative effect by reducing egg weight and egg production. The cholesterol level in the blood serum decreased with thyme supplementation. In addition, blood triglyceride level decreased at a statistically significant level with the supplementation of both thyme and rosemary. In the light of these results, it can be said that the supplementation of vitamin E, thyme and rosemary extracts has a positive effect on some performance parameters and animal health. Since healthier products are obtained from healthy animals, the use of these natural additives in laying hen feeds could be recommended after dose trials. ______________________________________________________________________________________
Introduction
Additives in animal feed are transferred to animal products and may pose a risk to human beings that consume these products. Therefore, demand for natural additives has increased compared with synthetic additives. However, these substances should primarily protect the animal's health, contribute to an increase in the product, and enhance its functionality naturally by improving its quality and shelf life in order to be used efficiently. Among many practices to meet these demands, vitamins and medicinal and aromatic plants have gained importance. In experimental studies conducted on the effects of aromatic plants, it was seen that thyme (Thymbra spicata L.) and its essential oil have anticandidal, antifungal, antioxidant and antimicrobial properties (Baser, 2008; Ünlü et al., 2009) . In particular, carvacrol, one of the main compounds of the thyme plant, has mechanisms such as antimicrobial, antitumor, antimutagenic, antigenotoxic, analgesic, antispasmodic, antiinflammatory, angiogenic, antiparasitic, antiplatelet, antielastase, insecticidal, antihepatotoxic, and hepatoprotective activities (Baser, 2008) . Thyme and the oil or extract that is obtained from it improve the digestion of nutrients by increasing the activity of digestion enzymes (Abd El-Wareth et al., 2012) . Sage and thyme extracts improve some performance and quality parameters (Kaya & Turgut, 2012) . Moreover, extracts of plants such as thyme, rosemary and sage have a lowering effect on egg yolk (Kaya & Turgut, 2012) and cholesterol and triglyceride levels in blood serum (Gerzilov et al., 2015) . Similarly, herbal extracts (thyme and garlic) reduced the cholesterol of serum and yolk according to the control (Behnamifar et al., 2015) . Dietary supplementation of carvacrol improves feed conversion efficiency and egg quality parameters (Beyazıtoglu, 2009) . Additionally, the essential oils of 1000 μg/ml of rosemary and thyme were demonstrated to inhibit the contractions of the small intestine (Bulbul et al., 2018) . Rosemary (Rosmarinus officinalis L.) has been reported as the plant having greatest antioxidative activity (Estevez et al., 2007; Wang et al 2008) . In addition, rosemary has been reported to increase nutrient uptake and appetite, saliva secretion, the synthesis and digestion of bile acids and the absorption of lipids (Christaki et al., 2011) . Since rosemary improves nutrient digestion, prevents microbial growth, and delays lipid oxidation, it is used as an alternative to synthetic antioxidants and antimicrobials in feeds (Hernandez et al., 2004; Çimrin & Demirel, 2016b; Batista et al., 2017) . It also improves production performance and antioxidant enzyme activity under temperature stress conditions (Torki et al., 2018) , and has a positive effect on eggshell quality (Cufadar, 2018) . reported that production, performance and egg quality properties were improved with the supplement of 3000 mg/kg rosemary powder to laying hen diets. Belenli et al. (2015) determined that rosemary caused a decrease in cholesterol and partially on lipid concentration. Apaydin Yildirim et al. (2018) reported that certain biochemical parameters were improved with the supplementation of 200 mg/kg rosemary ethanol extract to chicken diets. An addition, vitamin E has been proved to be a powerful antioxidant. It strengthens the immune system and reduces the risk of disease. When added to the feed, it improves feed utilization and affects the egg production and liver functions (Iqbal et al., 2013; Çimrin & Demirel 2016a) . Wen et al. (2013) reported that dietary supplementation with 200 IU/kg vitamin E improved egg production and egg quality, and played an important role in maintaining the growth of animals and improving the quality of livestock products, and blood parameters (Abdallah et al., 2017; Attia et al., 2018) . Niu et al. (2018) reported that the efficacy of meat quality and antioxidant capacity in chickens fed with 200 mg/kg vitamin E diet was greater compared with those fed with 100 mg/kg vitamin E diet. Mu et al. (2019) reported that average daily feed intake, egg weight and egg production rose with increasing dietary vitamin E supplementation. In addition, with the transfer of vitamin E from feed to egg, oxidative stability was increased, shelf life was prolonged, the fatty acid composition in the egg yolk was improved (Mohiti-Asli et al., 2008) and the oxidation of omega-3 fatty acids was inhibited (Arab-Tehrany et al., 2012) . Moreover, the lowest serum glucose, uric acid and creatinine concentrations, the highest HDL (high-density lipoprotein) concentration, low LDL (low-density lipoprotein) concentration, and low cholesterol and albumin concentrations were determined in quails fed with a diet containing 1000 mg/kg vitamin E and C for 42 days (Sigolo et al., 2018) .
The purpose of the study was to investigate the effects of vitamin E, thyme and rosemary extracts on production performance, egg quality and some blood parameters in laying hens.
Material and Methods
One hundred twelve 48-week-old Bovans genotype white laying hens between 48 and 56 weeks age were used in this research. In the study, second period cage laying hen feed was prepared according to the nutrient requirements reported by NRC (1994) ( Table 1) . Larbier & Leclercq (1994) The experimental diets and water were given ad libitum for eight weeks. One hundred and twelve laying hens were randomly divided into four groups, each comprising of four replicates of seven hens. Groups were determined as control, that is, an additive-free feed (basal diet), and one with vitamin E, one with rosemary extract and one with thyme extract added to the basal diet. The formation of the experimental groups, the active ingredients and the amounts of vitamin E, rosemary and thyme extracts that were added to the basal diet are given in Table 2 . Some studies were used to select the levels of the feed additives, namely vitamin E (Wen et al., 2013; Çimrin & Demirel 2016a; Abdallah et al., 2017; Niu et al., 2018) , thyme (Radwan Nadia et al., 2008; Bulbul et al., 2018) , and rosemary (Radwan Nadia et al., 2008; Belenli et al., 2015; Bulbul et al., 2018) . Although the effect of a 200 mg/kg dose of vitamin E has been established, studies of appropriate doses for thyme and rosemary extract are still in progress. Therefore, average levels were taken. Rosemary and thyme extracts and vitamin E were supplied from a commercial company. A 16-hour lighting programme was provided using a fluorescent lamp in the henhouse in which the study was conducted. (2000) method was used to determine the nutrient composition in the diets of the laying hens. The samples were ashed in a muffle furnace before the calcium (Farese et al., 1967) and total phosphorus (ADAS, 1981) analyses were carried out. Crude fibre was determined (Crampton & Maynard, 1938) . The Larbier & Leclercq (1994) equation was used to estimate the metabolizable energy levels in the samples.
Initial and final body weights of each hen were recorded before the experiment and at the end of the experiment, respectively. Mortality was recorded as it happened. The eggs were collected daily and egg production was given on a hen-day basis. The numbers of cracked eggs in each group were recorded daily (broken, cracked, no shell, etc.) . Feed intake was recorded once every two weeks. The calculation was performed as grams of feed per day per hen. The unit of feed conversion ratio was calculated as grams of feed per gram of egg (g/g).
Twelve eggs were selected randomly from each group every 15 days. The quality criteria for eggs were determined by measuring and weighing 192 eggs in total. Each egg was weighed, and its index was determined with an instrument (B.V. Apparatenfabreik Van Doorn, No: 75 135/2, De Bilt, Holland). An egg breaking tester (static compression device, Dr-Ing. Georg Wazau Mess-+Prüftechnick, Berlin, Germany) was used to determine the eggshell breaking strength.
The eggs were broken on a glass-topped table. The measurement of eggshell thickness was performed on three parts (upper and lower ends and middle) using a micrometre (Mitutoya No. 2050-08, 0.01-20 mm; Kawasaki, Japan). A tripod micrometre (Mitutoyo, No. 2050S-19, 0 .01-20 mm; Kawasaki, Japan) was used to measure the height of the albumen and the yolk. A digital calliper was used to measure albumen length and width, and yolk diameter. These values were used to calculate yolk index (yolk height / yolk diameter) x 100], albumen index [(albumen height / average of albumen length and albumen width) x 100] and Haugh units [100 x log (H + 7.57 -1.7W 0.37), where H is albumen height and W is egg weight] (Card & Nesheim 1972) . Egg yolks were compared with the Roche colour fan to determine colour.
At the end of the experiment, blood samples of 16 hens that were selected randomly from each group (four from each replicate) were taken from the vena brachialis at the under-wing area. To analyse biochemical parameters, Architect c8000 system (Abbott Laboratories, USA) and the accompanying commercial kits were used, namely glucose (3L82-41 reagent kit), total cholesterol, (7D62 reagent kit) triglyceride (7D74 liquid kit), aspartate aminotransferase (AST) (7D81 kit), and alkaline phosphatase (ALP) (7D55-21).
Statistical analyses were done using SPSS 21.0 programme (SPSS Inc., Chicago, IL, USA, 2012). One-way ANOVA was performed to examine the differences among groups. Differences among the group means were tested with Duncan's test (Dawson & Trapp, 2001) .
Results and Discussion
Average levels of performance are given in Table 3 . Supplementation of the diet with vitamin E, oregano extract or rosemary extract did not have any effect on live weight change, damaged egg ratio and feed conversion ratio (P >0.05). Supplementation of vitamin E increased the egg production significantly compared with the groups that were supplemented with plant extracts (P <0.001). In the experimental period, the control and vitamin E supplemented hens had the greatest rate of egg production. In contrast, Kaya & Turgut (2012) reported that supplementation of 150 mg/kg vitamin E increased egg production. However, similar to the results found in this study, Mu et al. (2019) reported that supplementation of vitamin E did not affect egg production. Supplementation with thyme increased egg weight (P <0.001), and reduced egg production significantly compared to the control, and vitamin E and rosemary supplemented groups (P <0.001). Similarly, Abd also reported that supplementing laying hens with 6 g/kg thyme powder increased egg weight and without changing the number of eggs produced. The decrease in the rate of egg production in the thyme supplemented group of the present study may have been a result of the increased egg weight. Others have also reported that thyme oil positively affected the egg production, egg weight and feed conversion ratio (Radwan Nadia et al., 2008; He et al., 2017) . However, there are conflicting reports wherein thyme supplementation did not affect performance (Arpasova et al., 2015; Cufadar, 2018) .
In the present study, supplemental rosemary significantly decreased egg weight, egg production and daily feed intake (P <0.001) compared with the control group. This is thought to be associated with the decrease in the daily consumption of the rosemary supplemented diet which may be due to its pungent smell. There are contradictory reports in the literature about the effects of rosemary on poultry performance. Hajiazizi et al. (2016) and Torki et al. (2018) reported that the addition of rosemary to the diet did not affect the performance of laying hens. Similarly, Çimrin & Demirel (2016a) reported that supplementing rosemary essential oil to the diet at 100 mg/kg, 200 mg/kg, or 300 mg/kg did not affect the performance except for a reduction in feed intake. However, indicated that the egg production and egg weight were increased by the addition of rosemary powder and that the diet was readily consumed. Similarly, Bolukbasi et al. (2008) also found that supplementation with 200 mg/kg rosemary essential oil increased the egg weight, reduced feed intake and increased the feed conversion ratio. He et al. (2017) reported that 100 mg/kg oregano essential oil significantly increased egg weight. However, supplementation with either 50 mg/kg or 150 mg/kg mg/kg oregano essential oils resulted in hens producing eggs that were not different in weight from an unsupplemented control group. The hens studied by He et al. (2017) , produced at daily rates of laying ranging from 92 to 97% which were similar to the rates of production observed in the control group and the vitamin E supplemented groups of the present study.
Average values for egg quality traits are given in Table 4 . No differences were found in egg shape index, shell breaking strength, eggshell thickness, albumen index, yolk index, yolk colour, and Haugh unit average values P >0.05). The supplementation with rosemary extract decreased the eggshell weight compared with the other experimental groups (P <0.05). The difference is significant among the averages with different letters in the same row (P <0.05)
Egg quality values were determined in 48 randomly selected eggs for each group. Therefore, it was thought that the decrease in weight of the eggshell might be attributed to the decrease that was found in egg weight (Table 4 ). The lack of differences in shell breaking strength and shell thickness supports this idea. These results are generally similar to those of other studies (Radwan Nadia et al., 2008; Hajiazizi et al., 2016; Çimrin & Demirel, 2016a; He et al., 2017; Torki et al., 2018; Mohebbifar & Torki, 2010; Cufadar, 2018) . Contrary to the present results, Mansoub (2011) indicated that feeding of a thyme enriched supplement affected egg quality. In another study, Kaya & Turgut (2012) found no significant difference between control, and sage, thyme, mentha and vitamin E supplemented groups in egg quality criteria. However, there were significant differences among those treatments in the shell breaking strength and shell weight which increased with the dosage level.
Average values of traits characterizing the blood lipid profile are given in Table 5 . Supplementation of vitamin E, thyme and rosemary to the diet did not affect blood AST and ALP levels (P >0.05). The vitamin E supplement also did not affect serum triglyceride and cholesterol levels. However, the supplementation of thyme and rosemary extracts decreased the triglyceride levels (P <0.001). However, the cholesterol level was only decreased by the thyme supplement (P <0.001). (2015) also reported that supplementation of the diet for laying hens with 3 g/kg and 6 g/kg thyme reduced blood triglycerides and total cholesterol levels, and that LDL-cholesterol was reduced as the amount of thyme increased. Likewise, Rahimi et al. (2011) stated that blood triglyceride, total cholesterol, and LDL-cholesterol concentrations were significantly reduced when the diet of laying hens was supplemented with thyme. Hernandez et al. (2004) explained that the improvement the serum lipid profile resulted from thymol, which is found in high concentration in the thyme plant, improves lipid digestion by increasing lipase and bile production. Unlike the present results, Apaydin Yildirim et al. (2018) reported that the adding 100 mg/kg and 200 mg/kg rosemary to the diet of broilers reduced AST, increased the triglyceride, and did not affect the cholesterol level. Other studies have also reported that supplementation with rosemary powder or rosemary essential oil did not affect the serum lipid profile Çimrin & Demirel, 2016b) . Likewise, Ciftci et al. (2013) stated that the supplement of 250 mg/kg rosemary oil did not affect HDL-cholesterol, LDL-cholesterol, total cholesterol and triglyceride levels. Polat et al. (2011) reported that the rosemary supplements in broiler diets did not affect serum alanine aminotransferase and AST activities. However, they indicated that there was a difference in serum total cholesterol levels between rosemary leaves and rosemary essential oils, and rosemary leaves reduced the total cholesterol level. It should be noted that total phenol content are differs between rosemary essential oil, rosemary leaves and rosemary extract.
Olgun (2016) reported that some essential oils have improved the ovarian function, digestibility of nutrients and increased egg weight in poultry. The results that have been reviewed here involve use of different strains of the same plant, different methods being used to obtain the active compounds, and variation in the levels at which the supplements were provided. Additional differences among the previously described studies are not known precisely. However, an assessment of the combined results would contribute to knowledge of poultry nutrition. The quantity of medicinal and aromatic plants is important. It is crucial to harvest the plants in the appropriate season, to store them under healthy conditions, to process them with the correct methods, to mix them into the feed, and to store them under suitable conditions. In addition, it may be important to know the metabolisms of the powder, oil and extracts of the plants according to animal species, and to reveal these under the conditions in which they could be more effective in terms of future nutrition studies. Factors such as the amount that is added, regional differences, environmental effects, the harvest season and the type of plant processing can affect plant composition and levels of the bio-active compound.
Conclusions
Supplementation of laying hens with vitamin E, thyme or rosemary extracts has positive effects on performance and their blood lipid profile. The supplementation of vitamin E improved egg performance. Thyme extract significantly increased the egg weight naturally. Because thyme and rosemary improved the serum lipid profile, and viewing the laying hen as a model system in which to study factors affecting human health, they may contribute to the reduction of cardiovascular diseases. Further and more detailed multidisciplinary studies on medical plants could be important for the poultry sector and human health.
